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EnvironrnentallmpUcations of MaPagement Interventions 
in the Pig Fattening Process 

CRMaul 

lnstitutc of Agricultural Engineering, Potsdam Cicrmnny 
Der~tnment or·:r cchnology Assessment nnd Substance Citcles 

t'rl·llchi·~v~. :~ tt·,:ct'. ..,~-.\ tiUh4lt of·t:h:;umct" flows and ot~the output of pollutants in animal 
h, ~ .)bttruJ1;V' thtt ~pc~m~ desJgEt Hf d' pmdut,;, ;m. t'-"O<;~ss h.;"J.s to be ccmsidcred, However~ the only 

' tor inflm•ncing ~f;r~ plt},;t;::.·. i~ d.~!~ e\/)nom~. 'I'fJchni.qw~s for emission r~duction are generally 
.,~~. ~Add~titm ::w·it ::~te t' • :Jh.'. • rnru\~~ durirtg the ~1t'll!:.¢~~ ~1r when making management decisions, 
At •he ·~·~1~tnttt(' .Jf A,q.ll\!th~uw' hr-~Jn,~;.~r\ng Pt1t~dam t•· d~ds1on support system was developed 
lO US!t~sm dl~ .<ttt.tin •. aJ~r til} dt~Waf:.~:·: t!~USetJ bv ~t~.tint l'iOllUtants dudng the p}g prodUction 
rt!'<H~ess and th~~ ~~n~r .. t.r!•wy t1f variow~ om~~~;;t.1·l h~l.tm,:Uott measures. Varying the intensity ofth~ 
ptm..~f,L~~s th· . · · cetn ' ·1ws pot~:rd .~ i:ht th~ v ~:~niml of su.bsUmces in the process which is 
co.~np~tt~tb,;. ~~ rHr~~t:( '-"rl·!ssio~ r~ductiml U'Vl..!,;LI.l!;; snd.t as. l:tiofilters, acidification \lftntiU.ure ot 
oYi~~~~nt \VF.)r?l ~"\r (!~Jv~t'ing the manur~. A ~Jost .cuh~ulntki~ gives evidence: about the changes iu 
t:as·Ls, tttld thtt mat~'in wh~d1 Is rr·."un.·.hl~ Fi,,' 'eltv;~-~mmenuti x;rotectlc.m. 

T~";! ptOt],tJ3m ~.1b1t.} ~~:d~J!fllc~ PtlcJi~·~.tm·~·~lHa~ damx~gt~ {.msts~ Given the default values for 
JioUJ.m•t·~) .• ; th~P :'t:J' l:>ei~Wt:~tm ~~ .. li. -;k ~ .fth·~ t.ib1l p.r~~.'u'-:~im1 co.stt 

The rwel nf thf; l~ltJ1~~t 11r~·~ to SCll\}i J\~ in~ .mtc:;y ~ftt¢rlt~l txmutants <>f th~ pig ratlentn~ Pt()CeSS 
a11d. to ns~~s~ differcm emb;sion t;ul~~tzU:W1 means~1"h~.illV(~!lJOl'Y should giv~ reaUstic e$timutc.s 
ofn,!ePS~d f!missio.ns fot a de11ncd pr<xlu~ti{m procc:;s~ the~ ¢tuissi(>ttdam s.ho.uld be abl~ to be 
\!Ornp:tr~t1d to ptt:l(,l,.:tcliOtt oost ~nd dmmtge ~ost for the .released eubstuuces .. 

ln,} $1ftw~we · systc.m: u~ed describes the substance flows and costs of the fattening pr(X!ess 
r!:l~{~td. trt lht> ptod~~~ti{)il process. Th~~ variables or th¢ ·ptoducticm pr~S$ come from the 
~·olh>Wh1tt nr~;t~~t 

~ pttlduct!on level (quantity, star1ing wclght. final weight, average· weisltt gain) 
11 ·on:tt.d 
~· husbaradry system 
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• 

fodder quantity and quality attd the tb.dde:r reginte 
ttuttmre management system 
emission rcductiol1 meaus 

Bt·eed-specif1c growth curves oftli~s were derived from ptoductiv.ity tests oflhc Hesais~Jhe 
Landesanstntt fUr 'Ticrlucht (HLT) Neu Ulricbstein; GcrtnatlY* th~ considered breeds wert~t 
Deutsche Landrasse (DL.l~ Deuts~hcs Hdeischwein. (DH), Pietrain und the crossb~cds OL x DE, 
I)tttoc .x OL or Pictrain x DL. The appropriate curves llte adapted to the specified ptod.uc;tion 
level e>q')tcsscd as average daily weight gnitt in grams by iteratio.n. 

The chos<!n growth curve is the basis fhr calculation of the substru,ce nows. Carbon, nitrogen 
and phosphnnts substance flows nrc calculated using two methods: 

~ n hypothetical calculation about the mitlitnutn tequircnu:nts of the a.uimat Ul1dcr 
given gGneral production data 
the actual (entered) consumption offee1lstutrs. and the r¢su1Hn~, actual substance 
flow 

The minbttUm calculations m-e based on equ!ltions of KJR.CJ:IGr~i.:NhR ( t 992);: rvtr!YHR et al. 
( 1993) and SOSL~NBETH ( 1993) which describe the <:on version t,f fQdder' energy and ptotein to 
body mass. the carcass composilinn ntthe llttnl fattenhtg stage is also derived trott1 at\ equatiOtl: 
ofKlRCHOESSNBR (1992). For the cmissf()n calculations and the c~lculation of the r~n1ainder 
the actual conS\Ul\ptioJ\ data ate used. 

The substance nows are calculated as the excretiolt of phosphorus~ carbon and nUrogett~ The 
differe11ce between the actual~ and hypothetical mlnimum substance tlows chatacterises, the 
(~fiicicncy of the process. The second block of the .tncnuj shown .in the fibtJtre below, is dedicated 
1tO the expected emisskms of C02, Cl14, NH~ and N10 and the last colurtm ~bows the remah1der 
whieh is the possible irtput tot plant production. The figure below shows the first output menu 
of SI~1SET concerning thr~ substanc¢ flows. 

Figure.l Subsutt1¢e t1uw output of,StMSET 
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As the cmissi<)ltS of COt, CH4. l Ul3 andN20 aJ'Q produced at three stag~$ durb1g the production 
process the emission. orthe$e substane~s were computed: 

source M~mboJin of the 
· ~nitntd 

C02 X w 0 
.,.._~---~H-~--~~~--~~~~--~~~~~-~~~-"-··-~ 

CH4 X X X 
NH3 - X X 

.,.._.....;._-~;.;..., ...... ......,_..,...... .. ...........,....,._~ ......... "'"'+'·~---.......,-· ~~~~ ...................... ~-.............. !"i 

N20 I X 0 
X :.-:- considered,... ~ not considered, () • ._ missing {due to insufficient information) 

Table 2 Possibl~ sourcc:s of emission, relevant substances and their cotlsideration in th~ 
model 

The model rclntes the release ofpolluhmts t~') the variables of the prO<!css whh~h the emission 
most significant detetmhtc; ·rhe litetatur~ review and th~ fommlae used are: described 
extc·nsively in MAUl~ Mid l{OC.H { l996a und 1996b). A brief' description of th~ formulae 
follows: 

CH4 

Metabolism of th(!: unimut 
x ~ lmdy weight in kg. 
y in g co2 • dai1 

y ~ 135.30 ~ 0.263(lhn + xrHWI (MAUL uml. KOCH t.9%) 

The release from the .manure pit is considerable and is a function of ~ry ma.<is 
cvucentration. organic matter, organic fat.ty· tJ(;i<:h~f pH. tc.mlp:rnture,. nitrogeot However, 
no relinble equation was avntlnblc. 

rvtetaboHsm of the onim~t 
x ~ ·Ered MJ Metabolit.ablc .Et\ctsY {MS Ml), 
y in kg tel~1sed ttiethaoe + pig~• 

Release rrom the. stab.le 

7;'3 g CH4 * antma("1 + kgbodyweightgain·t, fultyilttttedtloor 
6.6 s: Cftt. •• aohnarr • kg body weight gain·l. pmly $1-.tt~dfl®t 
(both AHLQRIMM 1.995) . 

R.¢1ease frorn the n)anute pit 



X ~ matiute temperature in °C~ 
y in ln (g CH4 • m.;3 •· day~ 1) 

y :::: Ll4 + 0 .. 17 • x. manure without ¢rust cover 
y .;,~ .. 2.84 + O.J l + x, manure with cnmt cover (both HUSTED 1994) 

Rel.case from the stahl¢ 

0.09408 g N •· d~t * k~ body weight"\ fully slatted floor 
0.05336 g N * d·1 * kg body weighf\ partly slatted floor 
(both OLDENBURG 1993) 

Release from the mamire pit 
xt :;:: (g NH4 *kg rnanure ... rJ~. 
x2 = manure pit surface in m2 

t temperature ('>C), 
x3 ::: frtanure pit surface in m2 +.air speed in On* sec~ 1 ), 
y Hl g NH3 * day"1 

)' :,-! 4.584 • xl + 0.2127 * x2 + L$20 * x3 •· 8.20) 
(MAUL ;.md KOCH l996a) 

Release tront. the stable 

3.t.g N • animnr1 * kg body weight swn·1 ~ partly slf!tted floor 
4.2 g N * anlmaJ:' * kg body weight gain"'1, fully slatted floor 
(both HEIN13MBYBR ct at 1995) 

Releasefrtnn the manure pit 
Losses fron1 the manure plt are consi<ieted minimal (BURTON ct al~ 1993) but 
again no reliable fontnllae were available. 

The user has a te!:itricted choice of co.nditions for the animal environment as these; cQnditi<>ns 
influence the behaviour of tbe manure and the emissions from the mable. Husbtmdty $ysten1s 
considered were . a stab1e wjtb four rows . and the Dan'ish: stable. syswm. with 80 or 120 pi$ 
compattm!ints, e~h of the st~b1e s)'st¢mshaving partly shstte~ or·fully' s1att¢d ·floors, liquid,ot 
dry. feed in~ ~ystems and either abQve ground; 'tanks or manure lak<! for m~~re storm;~~~ The 
restriction is due to available ditta about the iuflueo~ on emissions of the~ ~table sysfeJll$ and 
to sufficient .~upporbng e<>st informG~tion* 

Finally, a selc~tton ofdlrect eJ11is~ioJ\ tc.:htttion tC)~1tl$ :an b¢. entered such as biosctubbet$ to 
filter stable ah:-; ditlerent CO 'Vets forth¢ manure pit such as stra\V' peat, difl'etent oUs, W()()dt:n or 
conct~te cove•-s, Oj' PVC $\l<.~s.: Md dUferent llletnods ofmanur~ acidifi·~;aticm~ Their impact on 
the cost of the 'l~ttening prtiCet;s and on b'1e, ~missions r~tained. CM·.f» exgntiJJCd* 

For the four polJutantsi COz, Cflc, Nf·J. and ~· O,. subsqmce~sl)ecific ~·aa~ ~C()St ··can .. bf;;. 
entered~ As a default t;l record is .available wbicb is derived {rem w~b of:lJer~ (1 \)95), Tb¢., 
a>sts an: calculme4 as l®al C<>Gts (or atniJl(Jnia and AS .global costs fort~ od'tf:r su~s. ·T:&e. 
loca1 costs inchidc dannmes to th~veg~tadon ·¢a~$Cd by ~id:NiinJ Tb¢ Jlobi.ll.ctf$fJ tat ®rl\fed 
ftom:. modebl ofNOriDHAUS (1994)~ Howev¢r, att pre~t the cost ~tfil\tionfor tbe·d..1n,AiC of' 



uoHutnntn is !hn~aht wilh. ~o n.u1n)· n:•eU1~)tic~l P!()bttms. that they should com;idered as a tit:>t 
st~p tow·ard~ h <lttatltifl~~ti;:m ot glnbnl. t~nvin)fl)11ettt~l-~mxts. Therefore th~ data are definitely 
urtsuitabt~~ lbt q~~ ln potW .. (:at. di.scussion~. 

Atler tbe. output t>f the· substance .flQW$ (ligur.~ l). Lh¢ l~t trtenu, shown in fisure 2,. stves 
information t.ln the cost stntQLUte per liveslt>f!t~ unit, the total cost of the Uvestuek and th~ t<)tal 
d11mage c<.lst rJf ~m~ssJon. · 

Figure 2 

550 600 6$0 700 . 750 800 sso 900 
Dally weight gain pet,pig(gttUDS) 



-6-

Figure 3 
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Mh1hnurn substance Oow as t\lnction ofthe 'intensity or production. 

i ~owcver~ dcpertdi~~ on which tot1ditions ate chosen, a Uneat i.n(!rea$e brthe daily weight gain 
is linked with u nonHn~nr of excreta ofnhrogen •. What. e~piunations can be given for this 
behaviottr and docs this portray existing causal connections? The minimum substance flow of 
nitrogen is calculated :~s N ht excreta~~ N h1 fodd<:r ~· N in body substauce.li assumes no ideal 
feed ratio which b;. ndttptcd by quality and ·by 4tntndty every d~y •. ·rwo causal connectio.l'!SAJ'c 
displayed by this behaviour ot~ the model.: 

• An b1crcuse in: production intensity shot1ens the (attening ~'¢nod and dccrcuses 
the share of the foddct m:cdcd foi~ maintenance 

., A .linear incre~t.<;e in the daily wei~bt gain causes shortening or the fattening 
period with dccrc~~htg rates 

Changing only the intensity CdaHy weight gain) presumes thatt;Je quality of mna1agcmcntdtle$ 
not change. The Pig Report: .1995 (DEERBBRG ct al. 1995) of the Landwirt~chafb*am~cr 
(Department of Primary Industries) of the Oenunn stat.e, of Schlcswig·Liolstein provides 
sufficient data to nnnlysc how substa.nc<! flows ln. reality perform. 

571 f.hmts.wctc scpartited into six levels ofintct~sity •. ranging.from.S90 to.763 grams daily 
weight gain per pig. The specific datu f<)rthese larms; like fattening ,period, prices tor feedstuff 
and piglets, animallo~sesy fodder consumption, fodder quality were us~d for the model, Using 
these data the connectiQn bctwc(,m substance flows und iJitcnsity ofthe prt'X!.ess is shown in th~ 
figure below. 

::> 28.5 
...J 

~ 28.0 ~ ... .........;;:~-...... 

z 27.5~--
CI) 

~ 27.0.........,..-~. 
0 

~ 26.5 _...... 
~ 26.0 u ...---i· 
! 25.5 I ' I ' 

~ 25.0. ~~ ......... ~~~~~~~~~~.....,_..~. 
sso 600 6$() 700 750 800 

Figure 4 

Daily weight gain per p;g (grams) 

<;atcuJatcd substance tlO\\f of nitrogen ineOi'JJOl'ating the data <lf urbe l 995 P.ig 
Report" OPJ: Schleswig--H(\tstein, Ocnnany 

The functio_n ia: 
Y= 34;57 -O.O!l4*X 

R2 = 0.973 

The figure shows that the curved relation bas become a straight Hue,. this tudicat¢11 that ·tho 
farm~:rs in the groups witha higher intensity~fpn>duction t¢bi¢Vt t~it'PfOS~S$ witlw~t a 
higher input but with the abUity to make ibe input_more clfective.AI$0 the'differenees' t;etw~n-
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the calculated minimul1l andthe actual substance Oows bc¢orne slllatlcr. The tabl¢ below tnay 
explain which cost structure is linked to lhe more .efficient: use of resout'ces, 

Number of" A vctuge dt~ily · dOSt of cost for Additio- Cost for Tou.l cost 
fattening weight g~ln in. 11iglct fodder nalvari£1· stable (l)M!LU) 
places/year grams per pig (DMlLlJ) (DM/tU) blecosts (DM/LU) 

· (DM/LU). 

646 590 483,52 457.24 75.72 205.64 122Z.l2 

575 6,16 487.78 447A7 15.28 .197.32 1207;85 

703 664 484.57 439.32 7$.02 182.14 118t65 

563 695 493.05 427.82 ~;4.67 18Lt7 1176,71 

553 124 502.51 418.22 75.09 174.22 1110.10 

463 763 503.03 401.93 74.64 174.17 1153.77 

Table 2 Size; intensity and cost structure pet livestock unit in the pig industry 

The most i~tensivcly producing piggeries spend slightly more money forpiglets andhav¢ abo~t 
5 % lower total costs. than tbc Jess inti.;insivcty producing group. Two thirds <>f the cost savings 
originate from the fodder costs and one third from the cost of the husbandry system, The fo(lder 
costs per ton oscillate in a range of l %,. so highc;r quality is not caused by more expen~ive 
components but ~y . a .tx!ttcr feeding regime and/or an appropriate composition~ 'fbe cos~ 
calculation .of: the DJ>l in Schleswig .. Holstein is carried. out~ n gross margin calculation, so tJ)e 
costs for the stables ate not available and atf; derived as average co.sts from th~ mmiel. Th~ 
fewer livestC)Ck in the high yielding groups create more expenses tbr a pig place per year but the 
shorter keeping period com~nsates this influence, 

tn fact there are many factors which may httluence th~ subsumce flo\\' and' subsequently th" 
econorra:~s. These are: hygi,me, animal health, constitution of the animals, clbrtatisationofth~ 
stable, diffetenc¢s between breedst feed. quality or regime or general m~agemertt pr~tic~s like 
an -jn aU-out practices,. Jf they are not at an optimum any of the factors will cauS¢ a '~ast¢'' 
substance flow or, if there is no reserve, a depres$iQn in: weight: gain. Apart f~om difficulties in 
measuring the substance Oows ¢nactty, the analysi.s ofsub:;tance flOW$ 'seems to bQ an accurate 
instrument for asses~ing the level o! mooagement JUld the efficiency of fh¢ production ~bnlqu¢. 
SI~1SET is ·not a tool for analysing .Prnductiott problems but it is certainly a tool which can be 
used to detect problems. 

How do the e~pectcd emissions for the difl'etent classes of f«Q'ni$ develop? To !il5ses$ the 
substances they ~ave t<> be .made comp~3bl"'·· the record pf damfi8e coat Wled(BERO t 995) is 
shown in the table below. 



Estimated damage cost of aerhl poUutar1ts ( OM per kg) 

CO, CH4 NH, 

0.03 0.60 4.10 8.00 

Table 3 Cost oi· ucriai. p<>llutants 

Using Ulis record of damage costs. the polluta.i1ts showed tt significant decrease with an incr~a,c;(: 
in the intensity of pmductlcm (sec: table. No 4) .. This d¢ct¢asc is also a consequence of the 
shorter fattening. period. 1'be tel ease of co1 is a function . ~r ~Y mass nnd drne, Q-I is a 
function of the fodder intake, the weight gain, thC• Jloor conditions, the dayS Of storage, 
temperature nnd n natural or artificial cover or the manure pit, NH3 is a (unetiotl of the tl~or 
conditions, manure pit sutfuce, manure temperature; air velo~ity and the days of storage and 
N10 is a function pf the weight gain and the floor ¢ondhions. Some of these variables ate 
influenced by a bight;t intcrtsity of the production prc'.>Cess, oth~rs ate nott Bowevet) bcca.use the 
release is quite n·equently a function .of thn¢, the emission $ltuation. seem.s, in pri'ncipJ~ 
favourable for a higher level of intensity. 

Classes ofproduction intensity: 
grams weight gain pet day 

Damage cost (OMILU) 

590 636 724 763 

6L68 58~10 $6/11 54Al 5.2.49 50.21 

Table 4 Dccrea.~e in environmental damage ¢est deten.nined by production int<msity 

Emission reduction. mean~ ·intervene at a certain step or the ptod!~ction either the process of· 
keeping the animals or their metabolism ot th~ $torage of the .manure~ They g~ncraUy do not 
cover the entire pt0¢e'SS, They often use distinct. physicitl 9r¢bemical chitr?ctetbtics whi.cb apply 
to one pollutant but not to the other, The efficiency otsome emission reduction means tanges 
fi·om 50 %up to 95 % concerning one poHufafit and may ~ tPro for arlother~ For COl there. are 
no usefuJ emission reduction means at all except: ph()tos,, .. ~~-~sh~ and that is not able to be 
integrated ln the pig production. process, How~ver, given th¢ .r«ord of table 3 and. siven the fact. 
that there ate still some details of the model missing (~ table l) the tabl¢ ·below $hows btlw 
emission teductron meAn$ ~rform under a holi!Jti¢ view of¢mis:don, 

Emission reduction means Daily Cost for Damage 'J'()4tlco$t 
weight emistn, costfot 
gain in reduction PQUutant:J 
grarosper mean$. 
pig 

590 O~()(J 6L68 l~22tl2 
.~~·. 

615 0.00 55 .• 80 1167.83 

763 o.oo 50,21 1:153/11 
. . .. •c.= 
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Wooden or concttet~ cover ofilie 590 4~65 51.41 J226.77 
mrumre pit 

515 3.57 46,90 1171,90 
~~ .. 
.tV,;i 3.57 42.41 11.57~34 

Pvc .. sheet to cover the tnattUt¢ pit 590 3t17 .51~78 l22P~29 

67S 2.11 47.17 1170.60 

763 2~43 42.7l 1156~20 ......,.. 

Straw or peal cover of the numute 590 0.49 52.42 1222.61 
pit 

615 0.4:3 47.S7 1168.26 

763 0.37 43.06. ! 154,.14 

Cover of the manure pit with 590 1.82 SL32 1123~94 
mineral oil 

6'15 J.S9 46.77 lJ69.42 
f.'-~ 

763 lt39 4~t36 1155.16 
~~~ 

Cover ofthe mat:rure pit with pla.nt 590 6.36 51.78 l228A8 
oil (rape seed) ~--~ 

67S 5S8 47)17 ll73Al 

763 4.88 42t71 1l58.65 

Blofiltct for the ai·.· ofthe stable S90 32~56 56t76 1254.68· 

675 28l>O SL40 tl96.43 

763 Z4.99 46.32 1118.76 
..... , .-........~ .. 

~o.cJdifief.ltion of the manure with 590 49.33 so.os 121L4S 
nitric acid 

615 48.90 45.$8 1216.73 

763 48»6Z 4Ll0 120~,39 

Acidificatiort ofth¢ manure with 590 394.60 49AO 1616.7.2 
lactic acid 

67S 39Ll8 44.90 lS$9.01 

163 38g~98 40.(;(1 1.542.?5 

Tabfe. S Efl:ect artd co$t of dUterent etrd$siob; t¢duction~ mean$ in (!O~jt.mction with 
diff(~terJt inten$itY levels on d~mag¢ .costs,. ·costs artd total ~osl$ (D&f per:LU) 

As the table above shows is the conttibution o£ the erni:udon r~uction m¢ans tieady ccmstantly 
DM l0100 independent from th~ sometimes CC»$iderabt~ cost difference$ which atao ·~·I>¢: 
achieved with amor¢ int¢nsive ptoducticm~ 

~ 
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